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This thesis described the chemical modifications of bipyrenol 1, an axially chiral 
fluorophore, with an aim at obtaining novel photo-advanced materials.  The thesis 
consists of four chapters as follows. 
 
Chapter 1.   
In this chapter, I discuss the importance of chiral fluorophore in contemporary 
interdisciplinary research.  Chiral molecules had been attracting much attention for 
more than a century because the most of the naturally occurring materials are chiral.  
The chiral chemistry has started to understand the structure and the roles of naturally 
occurring products.  The research objectives have been gradually shifting to create 
advanced materials such as host molecules to recognize a chiral molecule selectively.  
This chemistry leads asymmetric syntheses.  In contrast to the synthetic studies using 
chiral molecules, studies on its photophysical properties are limited.  I focused on 
fluorescence of chiral molecules because their emission is circularly polarized 
luminescence (CPL).  Many applications such as three-dimensional display have been 
proposed for CPL and my research group reported a good CPL fluorophore, bipyrenol 1, 
previously.  Bipyrenol shows higher quantum yield and clear CPL spectrum.  These 
fascinate properties could be applicable to the advanced materials.  Therefore, I 
designed the functionalization of 1 in this thesis.        
 
Chapter 2.   
In this chapter, I discuss the functionalization strategies of bipyrenol.  Several 
functionalization methods are compared, and I designed the bipyrenols attaching 
reactive functional groups such as amine and thiol.  Such molecules are expected to be 
introduced on the advanced materials by the substitution reactions using these 
functional groups.  Amine and/or thiol could be good candidates as the functional 
groups because of their high nucleophilicities.  1,6-Hexyl group was used to connect 
bipyrenol with amine or thiol.  An important intermediate 2, bipyrenol having 
6-bromohexyl group on one of the oxygen atom, was prepared.  A treatment of thiourea 
on 2 gave the isothiouronium salt quantitatively.  Hydrolysis reaction of this salt 
afforded the desired thiol 3.  This thiol is enough stable under ambient condition 
without any decomposition and/or oxidation reactions.  The corresponding amine 
derivative was prepared according to the Gabriel synthesis.  A treatment of potassium 
salt of phthalimide on 2 gave N-alkylphthalimide and the subsequent treatment of 
hydrazine formed the amine 3.   
To demonstrate the application of these functionalized bipyrenols, a photo-induced 
electron transfer molecules were prepared.  1,8-Naphthalic anhydride or 
1,4,5,8-naphthalenetetracarboxylic dianhydride were reacted with 3 to give the 
donor-acceptor molecules.   
 
Chapter 3.   
In this chapter, a possibility of new applications of bipyrenol is discussed.  To apply 
CPL light, continuous emission is needed.  One method should be light-emitting diode 
technique.  However, it is too difficult to make such devices in chemistry research field. 
I focused on chemiluminescence technique which includes the generation of excited 
state by chemical oxidation processes.  For this purpose, luminol could be a good 
candidate.  In this chapter, I discuss the development of the functionalization method 
of luminol, i.e., an exploration of the general synthetic method for luminol-substituted 
molecules with an aim at obtaining luminol-substituted bipyrenol.   
I adopted the transition metal catalyzed coupling reaction, i.e., the Suzuki-Miyaura 
coupling between bromophthalimide and the boronic acid ester of the advanced 
materials, and the subsequent luminol-formation reaction by the treatment of 
hydrazine.  The bromophthalimides were prepared according to the literature and the 
boronic acid esters such as phenyl, naphthyl, and pyrenyl were purchased and/or 
prepared according to the literatures.  The coupling reactions were carried out under 
the conventional reaction conditions to give the phthalimide-substituted products.  The 
luminol formation reactions with hydrazine were carried out to afford the final 
products.   
A typical oxidation reaction condition to emit luminol was employed on the products 
and chemiluminescence behaviors were confirmed. 
 
Chapter 4.   
Based on the study of Chapter 3, I discussed the molecular design of luminol 
substituted bipyrenol in this chapter.  Luminol was introduced on 3-position of 
bipyrenol and the hydroxy groups of bipyrenol were protected as ether.    
The ethylene glycol ether of racemic-bipyrenol was prepared.  A treatment of NBS 
gave the corresponding mono-brominated bipyrenol.  Boronic acid ester was introduced 
with bis(pinacol)diboron in the presence of Pd catalyst.  A coupling reaction similar 
with those performed in Chapter 3 was carried out.  However, the yield was poor.  The 
addition of 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-PHOS) solved the 
problem to give the products in acceptable yield.  Because I used the racemic mixture 
of bipyrenol and the formed new C-C bond between bipyrenol and phthalimide is chiral 
axis, the products are diastereomixture.  Currently, two of them were characterized.  
Furthermore, one of the isomer was structurally characterized by diffraction study.  A 
treatment of hydrazine gave the luminol-substituted bipyrenol.  
 
